Globally, rapid population growth, unmanaged urbanization, and increased income level have brought significant changes in quantity and composition of solid waste generation. In developing countries, solid waste disposal in open dump sites is widely practised as an easy and economical method of waste disposal. The increased quantity and composition of solid waste has posed a serious threat to public health and environment in developing countries. Hence, alternative waste disposal methods such as composting, recycling etc. can be potential options for sustainable solid waste management. Such methods will also reduce the waste volume prior to reaching the landfill and will increase the landfill's life. This paper aims to calculate the recovery value from Municipal Solid Waste (i.e. composting, biogas, paper, and plastic) in Jeetpur Simara Sub-Metropolitan City (JSSMC) in Nepal, and to calculate the area required for landfilling and dumping of biodegradable and residual solid waste respectively. Due to high biodegradable content (8,400 kg/day), the recovery values from compost and biogas generation are studied. Optimum distribution of biodegradable solid waste among these two options is also evaluated. A combination of 6.4 tons/day for composting and 2 tons/day for landfilling with a net recovery of NRs. 29,064 per day is calculated. The recovery values from plastic and paper are calculated at NRs. 11,088 and NRs. 15,048 respectively. Hence, a total recovery value of NRs. 201.48 lakhs per year is suggested. This revenue is excluding the construction and operation cost required for the establishment of compost plant and landfill biogas collection system. The area required to landfill 2 tons/day of degradable waste is 0.876 hectares and 4.06 hectares to dump residual solid waste for a design period of 15 years. In case, biogas is not extracted, a total of 4.936 hectares' land is required for dumping the entire MSW generated from JSSMC. The revenue calculated reduces to NRs. 47,640 per day or NRs. 173.88 lakhs per year.
Introduction

M
unicipal Solid Waste (MSW) management is an important issue worldwide (Chang et al., 1997) . Globally, the amount of MSW, one of the most important by-products of any urban lifestyle, is growing even faster than the rate of urbanization (Hoornweg & Bhada, 2012) . Global MSW generated in 1997 was 0.49 billion tons with an estimated annual growth rate of 3.2-4.5% in developed nations and 2-3% in developing nations (Suocheng et al., 2001 ). Current global MSW generation level is approximately 1.3 billion tons per year and is expected to increase to approximately 2.2 billion tons per year by 2025 (Hoornweg & Bhada, 2012) . Solid waste management is a major challenge for the cities' authorities in developing countries. The challenge is due to the increasing generation of waste, the burden posed on the municipal budget due to the high costs associated with its management, the lack of understanding of a diversity of factors that affect the different stages of waste management and linkages necessary to enable the functioning of entire handling system functioning (Guerrero et al., 2013) . Gomez (Gomez et al., 2011) observed that composition analysis of solid waste is essential to determine appropriate policy option for solid waste management in any city. Similarly, Dangi (Dangi et al., 2011) highlighted that solid waste management plans and policies should relate directly to waste composition. Thus, composition analysis guides the choice of appropriate policy for sustainable SWM in developing countries. The composition analysis of MSW in developing countries has shown organic waste and paper waste as dominant fractions across the world. Developing countries have a high percentage of compostable organic matter in the urban waste stream, ranging from 40 to 85% of the total (Hoornweg & Thomas, 1999) . This implies high potentials for composting and recycling in developing countries. Composting is most appropriate for organic materials and paper while recycling is the most suitable for other wastes like plastic, metals, and glasses as found in the solid waste stream in developing countries (Harir et al., 2015) . Composting is now considered as one of the best options for sustainable SWM (Khalib, 2014) . Solid waste composting is a low cost, low technology, less pollution impact, and environmentally acceptable method compared to the current system of waste disposals in open dumps, being practised in the developing countries (Harir et al., 2015) .
Only a few municipalities in Nepal are composting a small percentage of their waste, and a small percentage of wastes are burnt (Mishra & Kayastha, 1998) . As about two-thirds of the waste is organic, composting of organic waste and, recycling of paper and plastic through the application of other appropriate technologies can play an important role in sustainable solid waste management in Nepalese municipalities. Similarly, separation of organic waste also helps to keep the inorganic waste such as paper and plastics clean, which in turn increases their market value and potential for recycling. At present, only Bhaktapur municipality has a small plant with a capacity to process about 6 tons of waste per day. Several municipalities such as Kathmandu and Hetauda are promoting community and household composting. Currently, Hetauda is also in the process of setting up a compost plant of 3 tons per day capacity with the community and private sector participation (ENPHO & Water Aid Nepal, 2008) .
Objectives
The objectives of this study are outlined below: 1. To calculate the recovery value from MSW of JSSMC. 2. To present facts and encourage JSSMC to adopt integrated SWM practice and policies. 3. To encourage municipalities in Nepal for alternative solid waste disposal methods like composting, recycling etc. 4. To encourage private investors for SWM in the city.
Study Area and Methodology
The study area is JSSMC in Narayani zone of Central Nepal. It comprises 24 Wards within a total area of 909.6 km 2 . The present population of this city is 114,785 with a population growth rate of 2.25 per annum. The composition and quantity of MSW generation in JSSMC is given in Table 1 . (Dahal & Adhikari, 2018) Based on the composition and quantity of MSW generation in JSSMC given by Dahal & Adhikari, 2018 , the necessary calculations for recovery values of the plastic, paper, compost and biogas are done as per the procedure outlined by Ramakrishna, 2016 .
Results and Discussion Estimation of methane production
The recovery product from landfills is methane. Methane production is estimated based on the average theoretical value of landfill gas production in landfill given by Carey & Carty, 2000 and calculating 60% of the total gas as methane. The estimated methane production per ton per day = 270 m 3 /ton.
Recovery of total solid waste generated per day
The necessary calculations are done as per the procedure outlined by Ramakrishna, 2016 . The details are given below:
Recovery value of biogas 1 m 3 of biogas can generate 1.25 kW/hour of electricity 270 m 3 of biogas can generate 1.25 x 270 = 337.5 kW/ hour electricity Assuming 1 kW/hour costs NRs. 8 (residential uses), amount that can be recovered from 1 ton of solid waste =NRs. 8 x 337.5 = NRs. 2,700 per day Recovery value of compost and methane from landfill Total solid waste generated per day = 15,000 kg/day Bio-degradable waste = 8,400 kg/day (@ 56%) This can be used for composting as well as in a landfill. Assuming 7 tons of solid waste is used for composting and remaining 1.4 tons for landfilling; calculations can be made as follows: The detailed breakdown of recovery values for different combinations of solid waste used for composting and landfilling are computed to study the best combination that can be used and is given in Table  2 . Table 2 , it is noted that the best combination that generates maximum revenue is 9. Option-9 shows 8 tons of solid waste for landfilling and the remaining 0.4 tons for composting. This is not a best choice because this requires more land area for landfilling with minimum revenue from composting. The more is the quantity of solid waste for landfill disposal; the more is the area required, operation and maintenance cost and pollution. The integrated solid waste management is said to be best practised if the recovery value from the solid waste is high and the only small portion would be disposed of in a landfill. Recovery from the solid waste means an increase in revenue. Hence, an optimum combination for choosing the right combination of quantities for compost and biogas generation is attempted and is shown in Figure 1 . From Figure 1 , it is noted that the optimum quantities would result in revenue of NRs. 15,000 from compost and NRs. 15,000 from biogas recovery making a total recovery of NRs. 30,000. However, this is NRs. 1,584 less than the best combination (#9). This is also not a right choice, since this requires more land area for landfilling with minimum revenue from composting. Hence, a combination of 6.4 tons for composting and 2 tons for landfilling with a net recovery of NRs. 29,064 per day is adopted as the optimum combination.
Calculation of land required for landfilling of biodegradable waste
Bio-degradable waste for land filling per day = 2 tons = 2,000 kg (as obtained above) Bio-degradable waste for 15 years of filling = 2,000 x 365 x 15 = 10,950,000 kg Volume required for landfilling for 15 years = total solid waste/density of solid waste =10,950,000/500 (The density of MSW in JSSMC is 500 Kg/m 3 (Average value obtained from baseline data collection. MSW is compacted to a 1 m 3 container and weighted to calculate the density of MSW)) = 21,900 m 
Recovery value for paper and plastic
Non-biodegradable solid waste = 15,000 x 0.44 = 6,600 kg/day
Recovery for paper Amount of paper: 21 x 6,600/100 = 1,386 kg/day Assuming 50% is not recoverable = 693 kg/day. Recovery value @ NRs. 16 per kg of paper = 693 x 16 = 11,088 NRs. per day
Recovery for Plastic
Amount of plastic = 19 x 6,600/100 = 1,254 kg/day Assuming 50% is not recoverable = 627 kg/day Recovery value @ NRS. 24 per kg of plastic = 627 x 24 = NRs. 15,048 per day
Total recovery value from solid waste
The total recovery value from solid waste = Recovery value from biodegradable waste + Recovery value from non-biodegradable waste.
The total recovery value from MSW in JSSMC = 29,064 (Recovery value from adopted optimum combination) + 11,088 + 15,048 = NRs. 55,200 per day or NRs.
lakhs per year
However, it should be noted that the recovery value is calculated without including the construction and operation costs for composting and landfilling. These investments can be recovered quickly in few years from the operation. The recovery value is maximum (52.64%) from biodegradable waste. Moreover, recovery value of paper and plastics is 47.36%. The recovery values from biodegradable waste and non-biodegradable waste are nearly equal. This suggests composting and landfilling of biodegradable waste while segregation of plastic and paper components should be done at the source of the generation with equal priority. Contamination of these components leads to the higher side of the non-recoverable portion and the recovery value will be reduced further.
Disposal of residual solid waste in dumpsite
The area of sanitary landfill obtained above for the disposal of biodegradable fraction of MSW is 0.876 hectare, where biogas recovery is possible. However, some portion of waste residues and fraction of nonrecoverable non-biodegradable solid waste should also be disposed off. This can be safely disposed in a dump site. The calculations made for this purpose are as follows: In case, the biogas is not recovered, a total of 4.936 (0.876+4.06) hectares is required for dumping the entire MSW generated from JSSMC. The recovery value from the MSW will then be restricted to NRs. 
